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The present invention relates to improvements
in diagnostic lenses used for the purpose of de-
termining the refractive errors of the human
eye, to accurately ascertain the effective focus

5 of the required corrective lenses.

In carrying out my invention I provide a plural-
ity of separate diagnostic lenses of different quali-
tative and quantitative propsrties. The lenses
are of two distinet types, namely, plano-concave
and plano-convex. Fach lens is compensated to
an effective focus measured from a designated
plane or point adjacent the plano side of the lens
in such a manner that when a planc-concave
and a plano-convex are combined with their
plano sides adjacent, the plane or point of the
one coincides with the plane or point of the
other, whershy the resultant effective focus of the
combined lenses may ke measured from s single
plane or point situated intermediate the adja-
cent plano surfaces of the two combined lenses.

By employing the principles of my invention
I eliminate the inaccuracies that are inherent
in the conventional test-lenses and also elim-
inate the necessity of making all spherical lenses
of the series of equal thickness, as is necessary
in some improved test-lens sets. The plane or
peint from which the effective focus is measured
is adjacent the plano surface of each lens and
may be readily located by the practitioner. This
plane or point is forward of the concave lenses
and rearward of ths convex lenses, whereby said
plane or point may be made to coincide in lenses
of equal and opposite effsctive focus and thereby
neutralization of the effective focus of such lenses
is made possible.

The plane or peint from which the effective
focus of each lens is measured is individual with
each lens and is not dependent upon the princi-
pal plane of another lens differently situated; as
ig the case in test-lenses of the prior art.

The lenses are designed to combine, one with
another, with a minimum of intervening space,
thereby reducing to a minimum, such errors: as
may rssult from the interval hetween lenses.

The diagnostic lenses of my invention may be
measured by the conventional unit of measure-
mens, or they may be measured by an improved
unit of my .inventicn, hereinafter described.

- My -invention-provides & means of determining
the refractive errors of the human eye with a
marked-degree of -exactitude and provides other
advantages that are not otherwise obtainakle.
Diagnostic lenses involving the principles of my
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invention can be manufactured at a reasonable
cost.

The invention resides in a series of diagnostic
lenses of the character hereinafter disclosed -and
in the method of combining such lenses, together - 5
with an improved method of designating the ef-
fective focus of lenses used for ophthalmic pur-
poses. It will be understood that the invention
is not restricted to the exact embodiment herein

~illustrated and described but that modifications

may be made in the disclosed structure without
departing from the principles of the invention
and the intent of the claims. In the accompany-
ing ‘drawings, I have illustrated the principles
and physical embodiment of my invention.

Figure 1 illustrates test-lenses of the prior art.

~Pigures 2 and 3 illustrate the nature and prin-
civles of the improved diagnostic- lenses of my
invention.

Figures 4 and 5 illustrate improved test-lenses 20
of the prior art.

Figure € shows -three diagrams- illustrating
diagnostic lenses of my invention assembled in a
trial frame or lens holder; Diagram 6a is a ver-
tical section, 6b is a fractional-front view- and 6¢-
is a side view. i

Ficure 7 illustrates a possible mode of assembl-
ing my diagnestic lenses in a trial frame and also
shows a modified lens-cell.

In conventional test-lens sets,  the spherical 30
lenses are made double-convex or double-con-
cave, and the cylindrical lensés are made plano-
convex or plano-concave, and usually the lenses
are 38 millimeters round. As a natural result,
said lenses vary -in center thickness from -one
millimeter to eight millimeters, and a corre-
sponding variation in the thickness of the edge
also results.

In Figure 1, I illustrate a double-convex spher-
jecal lens +8 and a plano-convex cylindrical
lens +C; the optical centers of the respective
lenses being indicated at © and O’. It is a well
known fact that the optical center of a double-

convex or double-concave lens is situated within
the lens and equally distant from the vertices 45
of the two equally curved surfaces, as is indicated
at O; and the optical center of a plano-convex
or plano-concave lens is situated at the vertex
of the curved surface, as is indicated at O’.

Precisely, the focal length of a lens is meas-
ured from the two principal points of the lens;
however, -in relatively thin plano-convex and
planc-concave lenses the two principal points
are practically coincident with the optical cen=
ter; therefore, for convenience I have simplified
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the drawings by illustrating the optical center
and omitting the principal points, which also
permits of greater clearness in the description.

It will be seen in Figure 1, that the optical
center of 4-S and the optical center of +C are
separated by the distance O—O’. This distance
0O—0’ is equal to the thickness of the lens +C,
plus one half of the thickness of the lens +8S,
plus the separation of their adjacent surfaces.
When the focal length of S and the focal
length of +C are equal, the focal points SF and
CI will be separated by a distance equal to
O—O0’. It should also be observed that, when
+8 is placed forward of 4C, or when the planc
side of 4-C is placed forward, then the distance
O—0C’ will be lessened to the extent of the thick-
ness of +4C. If should also be observed that
when the lens 4S8 is made planc convex and
the plano surfaces of the two lensss placed
adjacent, that the distance O—O’ is thereby in-
creased, due to the reason that O is then at the
vertex of +8. In order to make the various con-
ventional test-lenses of uniform diameter (usu-
ally 38 mm.); it is necessary to increase the
center thickness of convex lenses as the dioptric
value increases, and likewise increase the edge
thickness of the concave lenses; which of course
further separates O’ and O. These variations
in thickness and the absence of any rule for the
relative position of spherical and cylindrical
lenses, present discrepancies that are of conse-
quence.

As an example, assume +8S to be a --20.00 D.
sphere of eight millimeters thickness and +C ic
be a +4-5.00 D. Cyl. of four millimeters thickness,
the two lenses separated by a space of two mil-
limeters, then the separation between O’ and
O is ten miliimeters :

(+24+8=10)

Ten millimeters is 209, of the focal length of a
+20.00 D. lens and 5% of the focal length of a
+5.00 D. lens. The importance of the location
of the lens with relation to the eye has long
been established. Therefore, the aforementioned
difference of ten millimeters between the optical
centers O’ and O is obviously an important fac-
tor in the focal effect of the combined lenses
+C and +-S.

The ideal forms of test-lenses would be a
plano-convex lens having both the spherical
curve and the cylindrical curve on one and the
same side, positioned with the plano surface
adjacent the eye; and a plano-concave lens hav-
ing both the spherical curve and the cylindrical
curve on one and the same side, pesitioned with
the concave surface adjacent the eye. In these
forms of test-lenses the focal effect could read-
ily and conveniently be measured from the ver-
tex of the curved surface; but unfortunately
the great multiplicity of lenses required renders
the principle impractical in actual practice.

The locaticn of the optical center and pringi-
pal points is variable with different forms of
lenses and it is not feasible to designate ths
focal length of lenses from any such points.
For practical purposes it is essentially necessary
to designate the effective focus of each lens from
some standard plane that can be readily located
by the practitioner.

In the practical application of my improved
diagnostic lenses, I designate the effective focus
of each lens as the distance between its focal
point and that plane of the lens-cell which i
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adjacent the plano side of the lens as is indi-
cated at P—P in Figure 2, in which A is normal
with P—P. For convenience and comparison I
have extended the line P—P continuous through
Figures 1, 2 and 3. 5

As shown in Figure 2, the effective focus of
the spherical lens +8, is equal to A—SF, in
contradistinetion to its focal length O—SF; the
effective focus of the cylindrical lens —C is
A—CF (negative), in contradistinction to its 10
negative focal length O'—CF. That is to say;
the spherical lens --S is made to have a focal
effect, equivalent to a plano-convex sphere S’
having its vertex situated at A’ and of a focal
length A'—FS’ which is equal to A—SF. Iike- 15
wise the cylindrical lens —C is made to have a
focal effect equivalent to a plano-concave cylinder
C’ having its vertex situated at A’’ and of a neg-
ative focal length A’’—FC’, which is equal to
A—CF. Consequenily, the effective focus of the 20
lenses +S and —C combined, is the equivalent
of a plano sphero-cylinder having its vertex sit-
uated at A and having a negative cylindrical
focus A—CF and a spherical focus A—SP.
Obviously, if A—SF and A—CF are equal, the 25
cylindrical surface will neutralize one meridian
of the spherical surface and the resultant will
be the effect of a convex cylindrical lens having
an efiective focus A—SF.

Assume —C to be a plano-concave spheriesl 20
lens having the effective focus A—CF and a focal
length O'—CF; then —C is the equivalent of &
plano-concave spherical lens having the vertex
situated at A and of a negative spherical focus
A—CF. Obviously, if A—SF and A—CF are 35
equal, the two spherical surfaces will neutralize
each other and the result will be plano or
naught. It is-of course understood, that a plano-
convex and a planc-concave lens of equal focal
length do not neutralize each other when the 40
plano gides are adjacent; however, in this in-
stance the focal length of the plano-convex
O—SF and the focal length of the plano-concave
is O'—CF (negative) and O—S¥ is greater than
O’—CF, for the reason that O—A is greater than g
O’—A and conseguently the dioptric power of

- the shorter negative focal length O'—CF is

greater than the longer positive focal length
O—SF and consequently said lenses do neu-
tralize. 50

It is generally known that the dioptric power
of a lens is varicusly affected by the curvature
of form and by thickness when the index of re-
fraction is constant and there is a vast difference
between effective focus and that focal length 55
which is measured from the optical center, or
the principal points of a lens. Therefore it will
be understood that the neutralization deseribed
in the previous paragraph is a neutralization
of effective focus and not g neutralization of 60
dioptric power nor of foeal length.

The terms diopfric power and focal length are
vague, unless further qualified by additional in-
formation. ‘“Power” or “strength” are in them-
selves misnomers as relates to ophthalmic lenses. 65
The dioptric unit of measure is far too gross for
ophthalmic purposes. As will be shown later,

I have invented an improved method for desig-~
nating the effective focus of ophthalmic lenses.

In Figure 3, I show a plano-convex cylindrical 70
lens +C combined with a plano-concave spheri-
cal lens —S and it will be seen that these lenses
bear the same relation to each other as do the
lenses more graphically illustrated in Figure 2
and which have been fully explained. 75
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As shown in Figures 2 and 3 the diagnostic
lenses, according to my invention are invariably
placed with the concave surface nearest the eye,
as for instance the plano-concave cylindrical
—C and plano-concave spherical —S; and the
plano-convex lensss, according to my invention,
are invariably placed with the plano surface
nearest the eye and the convex surface oppo-
site thereto; as for instance the plano-convex

spherical 48 and the plano-convex cylindrical

4-C. The effective focus of all such lenses is
measured from the plans of contact P—P of the
lens-cells or rims, if and when combined in the
manner illustrated and described and measured
from the plane of the lens-cell on the plano
side when employed singly. The combination is
invariably a concave with a convex cr vice versa,
the concave surface is invariably placed nearest
the eye and the convex is invariably placed op-
posite the eye, multiples of concave lenses, nor
multiples of convex lenses are not employed in
combination; observance of these details being
essential to the correct valuation of the focal
effect of the lenses.

t can be readily demonstrated that when the
convex surface is placed nearest the eye, there
is marginal distortion in a plano-convex lens, if
the lens is farther from the cbject than from
the eye, which is the situation in which all cph-
thalmic lenses are used. 'This distortion is elimi-
nated when the planc side is placed nearest the
eye. In contradistinction, when the lens is far-
ther from the eye than from the obhject, there
is marginal distortion when the plano side is
nearest the eye. OCphthalmic lenses are used in
close proximity to the eye and therefore the con-
vex side should noi be placed nearest the eye.

In Figure 4, I show iesi-ienses of the prior
art, in which the several lenses of the series are
compensated to an effective focus measured from
the common plane of the rear vertex V of the
spherical lenses. Necessarily, the lens unearest
the eye is invariably a spherical lens without
regard to whether the surface is convex or con-
cave. Conseguently, the afcrementioned distor-
tion is not avoided in the convex spheres which

“are placed with the convex surface nearest the

eye to provide the common plane of the rear
vertex V. In this form of test-lenses, it is neces-
sary to make all of the spherical lenses of uni-
form center thickness to mainiain the constant
plane from which the lenses are measured. Con-
sequently, the center thickness of a minus 20.00
D. sphere must be equal to the center thickness
of a plus 20.G60 D. sphere, which necessitates re-
stricting the lenses to a small diameter to pre-
vent undue thickness at the edge of the greater
minus spheres. The effective focus is measured
trom the rear vertex V of the spherical lens
nearest the eye, which of course, in concave
lenses is inaccessible and the practitioner is de-
pendent upon the accuracy of an indicating
mark on the trial frame, to deiermine the posi-
tion of the vertex of the concave spheres. Since
the spherica
ured backward from the vertex V of the curved
surface, they do not neutralize each other. Since
the cylindrical lenses are compensated to an
eSective focus measured backward from the rear

vertex V of the spherical lenses, said cylindrical.

lenses do not neubralize each other. Conse-
quently the practitioner is dependent upon the
accuracy of the manufacturer and is without
means to prove the absence of errors in such
lenses, except by resorting to the expensive de-

al lenses have an effective focus meas-

-8

vices of the manufacturer and again he has no
means of proving the correctness of  such  de-
vices. Furthermore, he can not prove the cor-
rectness of the ophthalmic lenses made in ac-
cordance with such test-lenses, except by the.js
aforementioned devices. '

The diagnostic lenses of my invention have
an effective focus measured from the plane
therebetween, 1ndependent of the dioptric value
or focal length; the convex and econcave cylin-.q0
dricals do neutralize each other; the convex and
coricave sphericals do neutralize each other and
the practitioner has absolute proof of the equal-
ity -of the effective focus of the concave and
convex lenses, both .spherical and cyhndncal 15
without expenditure. h

The location of the lens before the eye is im-
portant and it is necessary tc provide means for
measuring the distance from the corneal apex
K, to that point or plane from which the effec- g9
tive focus of each lens or described combination
of lenses is measured; that the corrective lenses
may thereby be properly positioned at the same
relative distance; whereby the effective focus
of the corrective lenses will correspond to the 95
effective focus of the diagnostic lenses. In ac~
tual practice it is more practical to determine
the distance at which the corrective lenses will
necessarily be located and thersupon conduct the
examination with the dlagnostlc lenses situated. o
accordingly.

My method of determining this distance is
most simple. As previously shown, the effective
focus is measured from the plane of the lens-
cell adjacent the plano side of each lens and g5
the plano sides are adjacent to each other when
combined; consequently, the two planes coin-
cide and it is a simple procedure to measure the
distance between the corneal apex K and the
coinciding planes of the two lems-cells. This 49
may be accomplished with any convenient gage'
or rule, or I may provide & gage that can hs
interchangeably used with the diagnostic lenses
and the finished glasses. Obviously, there is no
advantage in attaching a gauge to the test-lens ¢
frame, unless a like gauge is provided for meas-
uring thn same distance relative to the finished
glasses.

In the practlcal application of the diagnostic
lenses of my invention, I prefer to make them go
of a uniform size of approximately 25 millime-
ters diameter. This size is ample and presents
many advantages. Lenses of such size are much
lighter in weight than 38 millimeter lenses, addi-
tional ares is provided on the lens holding device g5
or trial frame, whereby the protractor scale need
not be unduly large nor the lens holding device
cumbersome. Lenses of this size may be ad-
justed to the narrow interpupiliary distance so
often necessary with juvenile patients, a feature gg
which is sometimes impossible with larger lenses.
Furthermore, the more convex lenses can be re-
duced in center thickness and the thick edge of
the greater concave lenses is also avoided.

Each lens is provided with a retaining cell g5
comprising an annular ring f, the circumference
of which suffices to hold the lens in position by
frictional engagement within the tubular sleeve
2 shown in Figure 8. Bach rim may be pro-
vided with a handle 3 for convenience in posi- 70
tioning the lenses in the sleeve 2 that is pro-
vided with a slot £ to admit the handle 3. -This
handle is provided with a notch or hne 5 to
indicate the axis of the cylindrical lens and each
cylindrical lens is rigidly mounted in the.lens--75
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- uniform width as may be practical.

4
cell with thé a¥is coiricident with the indicator 5.

Each lens may be held in its cell in any com-
mercially practical manner, as for instance by
spinning the metal to contact the lens or by
means of any plastic mould material, or by
means of any material having a lower melting
point than the lens.

Since the effective focus of each lens is meas-~
ured from the plane of the lens-cell on the
plano-side of the lens, it is not essentially nec-
essary to make all lenses of the same center
thickness and preferably they are made of the
least thickness practical. The concave lenses
should be made much thinner than the convex
lenses and the lesser convex lenses should be
made much thinner than the greater convex
lenses. The plano surface of the several lenses
is preferably situated at a uniform distance from
the plane of the lens-cell and such distance
should be a practical minimum. Preferably the
rims are of such width, that in each instance
no part of the lens protrudes beyond the plane
of the rim, whereby the lens surfaces do not
contact any ‘flat surface upon which the lens-
cell may be occasionally laid and whereby abra-
sions of the Ilenses are avoided. The rims may
be of two or more different widths in groups of
For the
convenience of spacing, empty rims or rims con-
taining a blank may be provided.

In Figure 6, I show one holder of my improved
trial frame, Diagram 6a showing a vertical sec-
tion, 6b showing a front view and 6c showing a
side view. The diagnostic lenses are held in
proper alignment within the tubular sleeve 2,
that is rotatably mounted in the frame portion
6, concentric with a protractor scale that is
indicated at 1. The sleeve 2 is devoid of grooves
or ribs, the lens-cells 1, 1, being retained in
position by means of frictional engagement with
the inner surface of the sleeve 2. Al lugs,
posts, retaining springs, gearings, lens pockets
and structures intervening between the lens-
cells, as are common to the usual trial frames
or test-lens holders, are dispensed with and the
lens-cells or rings are placed in absolute con-
tact one with the other. The handles 3, 3 pro-
trude through the slot 4 and the line or notch
5 indicates on the protractor scale 7 the position
of the axis of the cylindrical lens, each of which
is rigid in the Ilens-cell with the cylinder axis
coincident with the diameter indicated by the
line or notch 5. A small aperture 8 permits a
view of the plane P from which the effective
focus of the lenses is measured. The trial frame,
of course, is provided with the necessary means
of support and adjustment that adapt it for
the purpose intended.

In the foregoing description the diagnostic
lenses have been illustrated and described as
having an effective focus measured from the
plane of the lens-cell on the plano side of the
lens, whereby the plane or point from which the
effective focus of each lens is measured, coin-
cides when two lenses are combined with plano
sides adjacent. However, I wish to have it un-
derstood that I may adapt the diagnostic lenses
to a trial frame of the type shown in Figure 7.
In this instance, the concave spherical and cy-

lindrical lenses, are placed rearward of a sepa--

rating ring 9 and the convex spherical and cy-
lindrical lenses are placed forward of said ring,
thereby separating the lenses by a constant
measurement, in which case appropriate modi-
fications may be made in the lens-cells and in

' 2,024,376

the location of the designated plaiié or point
from which the effective focus of the lenses is
measured and the lenses compensated accord-
ingly.

Obviously, the common plane of the rearward-
ly situated lenses may be either the forward face
of their respective lens-cells or may be at the
uniformly situated optical center of the several
concave spheres and cylinders; as for instance,
in Fig. 2 and Fig. 3 the common plane may be
P—P; or the common plane may coincide with
the uniformly disposed optical centers of —C
in Fig. 2 and —S in PFig. 3, as will be readily
understood.

It will also be obvious that bi-concave spheres
may be employed where a short radius of curva-
ture is required and thus simplify the uniform
positioning of the concave lenses to a common
plane relative to their respective lens-cells and
thus enable the lens-cells to be made the least
thickness practical, and preferably of uniform
thickness, as is quite conveniently possible and
practical, as well as most advantageous.

It is conveniently possible to construct the
lenses of the present invention of the full size

generally used with the conventional trial frame’

which is usually adapted to receive lenses 38
millimeters in diameter. To illustrate, cylindri-
cal lenses usually do not exceed § diopters and
it is convenienily possible to make a 6 diopter
concave cylindrical lens of 38 millimeter diam-
eter with an edge thickness of 3 millimeters,
which is an appropriate thickness readily adapt-
able to the spring clip of the conventional trial
frame. The concave spherical lenses exceeding
6 diopters can conveniently be made in what is
generally termed “lenticular” form; that is t3
say, the refractive surface thereof may be bor-
dered by a plano margin and thus restrict the
edge thickness of the greater concave spheres
to the edge thickness of the most concave cyl-
inder, whereby the most concave lens will be
readily adaptable to the spring clips of the con-
ventional trial frame without malposition of the
lens which may be positioned anteriorly thereof
in the secondary spring clips which are con-
ventional on most trial frames. Of course, the
more concave spheres may be of a higher index
and thus increase the diameter of the refractive
surface as will be readily understood- by those
skilled in the art. The forwardly positioned
lenses being invariably convex and having their
curved surfaces forwardly disposed, the contour
and thickness thereof presents no problem and
it suffices to appropriately position them in their
respective lens-cells so that when they are en-
gaged with the usual spring clips of the con-
ventional trial frame that the lens-cells thereof
will contact the lens-cell of any concave sphere
or concave cylinder with which they may be
combined in the conventional trial frame. From
this description it will be clear that the lenses
of the present invention are not restricted to my
particular diameter and are readily adaptable to
various modes of manufacture, without unusual
inconvenience or expense.

When the lenses are made of the diameter
just described, there is no probiem of locating
the relative rotation of the axis of the rearward-
ly disposed concave cylindrical lens, as the sxis
of each cylindrical lens may be indicated hy
suitable marking on the forward plano surface
thereof in the usual manner; and of course this
marking will be readily visible through the lens
disposed forwardly thereof.
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When the lenses are of smaller diameter and
positioned in perforate discs such as is illustrated
at 19 in Figure 7, there is considerable problem
of conveniently locating the relative rotation of
the axis of the rearwardly disposed concave cy-
lingrical lens, due to the fact that the for-
wardly disposed dise obscures the rearwardly
disposed disc and the axis marking on the face
therecf. The solution of this problem is made

the subject of o separate application Serial No.

35,120 filed August 7, 1935.

There are a number of disadvantages in the
present system of designating the dioptric power
of lenses, all of which are eliminated by an im-
proved method of my invcntion. Due
discrepancy existing between -the focal divisions
of lenses and the focal distance existing at the
time of determining the refraction of the eye
no means is provided for-compensating for this
difference of focal length. It is the universal
custom to divide the dioptric unit of lenses-into
half, quarter and eighth of one diopter. It is
the common practice to determine the refraction
of the eye at a distance of 6 meters and of course
at the completion of the examination, the eye is
artificially myopic to the extent of one sixth of
one diopter. Manifestly, a compensation of one
sixth- of one dicpter should be made to correct
such conditicn: but unfortunately, the present

dioptric divisions do not provide & lens of such

fractional denominasion. In some instances the
dimensions of the examination room necessitate
determining the refraction at a distance of 5
meters and again the present dioptrie divisions
do not provide a lens of such fractional de-
nominations as one fifth of one ‘dicpter. The
present dioptric divisions provide a lens of one
quarter of one diopter; but unfortunately, when
the refraciion is determined at a distance of 4
meters, any unsvoidable percentage of error in
dstermining the refraction,
sequence. A lens of one eighth of one-diopter
is also availeble; bui unfortunately. the cost-of
office space and the limited dimensions of rooms
in modern cffice buildings usually renders such
examination distance of 8 meters elther -unocb-
tainable or unfeasible.

The dioptric unit being large necess1tates the
use. of . both multiples and decimal parts of the
uvnit, with the resulting inconvenience of two
naughts following the decimal point. of whole
numhers and the incorrectness of-omitting the
numeral 5 in the third decimal place of one

. eighth divisions of the unit. The intermingling

60
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of common fractions into the decimal system
and the verbal expressions commonly used fo
designate such lenses often present confusion;
ss for instance 2 3.00 diopter lens is spoken of as
a “three”; one quarter diopter, as a “twenty
five” and one eighth diopter as a “twelve”; thus
providing no distinction between decimals and
units and with utter disregard of the fact that
the system contains both 12.00 diopter and .12
diopter lenses. Also the large unit does not con-
vey the proper impression to the uninformed;
the average layman is inclined to consider a re-
fractive ervor of three diopters as indeed minor
and does not comprehend the magnitude of any
refractive errer.

To obviate these disadvantages I have invent-
ed a new and original method of designating
the refractive effect of ophthalmic lenses. My
method has the advaniage of a small unit of
measurement requiring no subdivisions, the focal
value of each lens being designated by whole

to the -

is of greater con-.

numbers. I use as a unit of measurement, a
lens having an effective focus of precisely 1600
centimeters. This unit is the least refractive
effect necessary for ophthalmic purposes and is
less than the least refractive effect now in- gen-
eral use. The effective focus of each lens being
the inverse of its foeal unit designation, the
effective focus of any multiple of the focal unit
may he computed by dividing the unit of meas-
urement 1000 centimeters by the focal unit des-
ignation of the lens and conversely the focal
unit designation of any lens may be computed
by dividing the unit of measurement 1000 centi-
meters by the effective focus of the lense.

I prefer to entitle my unit of measurement
an ophthalmic focal unit, abbreviated O. F. U.
Ag applied to my diagnostic lenses, a lens of (1)
one O. F."U. has an effective focus of 1000 cen-
timeters, measured from the plane adjacent to
the plano side of the lens as previously .de-
scribed. As applied to ophthalmic lenses for
spectacles and eyeglasses, a lens of (1) one
O. P, U. has an effective focus of 1000 centi-
meters, measured from the vertex of the convex
cide of the lens or from the side farthest from
the eve.” The vertex of the convex side of a
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lens is more readily accessible than the vertex’

of the concave side and consequently the dis-
tance from the convex vertex to the apex of the
cornea can be more readily measured than if the
vertex of the concave side were used as a basis.

By the use of this method of designation,
lenses ranging from an effective focus of 1000
centimeters to an effective focus of 4 centime-
ters are designated by whole numbers ranging
from 1 to 250 and the smallest intervals neces-

sary can be designated without the use of deci~

mals or common fractions. These focal unib
designations can be written and spoken  with
ease and without confiict of meaning. The un-
informed layman can readily be made to under-
stand that when an eye requires a lens of 10 fo-
cal units, that such eye when unaided, exerts 10
times the normal focal effort to gee distinctly at
the reasonable distance of 10 meters or approxi-
imately 33 feet; and that each multiple of the
focal unit represents that such eye when un-
aided exerts that multiple of normal focal ef-
fort to see distinctly at the unit distance and of
course if the eye is unable to compensate for
the refractive error, vision will be indistinet.
This method of designating focal effect provides
smaller intervals of refractive effect than are
now in common use and does not necessitate the
use of either common fractions nor decimals.
The unit divisions from 1 to 10 being approxi-
mately equivalent to tenths of one diopter of the
present system they are of great advantage in
accurately correcting errors of refraction of
minor magnitude. The examination distance of 6
5 meters being readily obtainable in the average
cffice by the means of mirror reflection of the
test-media, such distance may be adopted as the
usual distance of determining the refractive er-
rors of the eye; and the resultant myopia equiv-
alent to approximately one fifth of one diopter
in the present system, corrected by a compen-
sation of-2 focal units of the method of my in-
vention. Should the examiner be fortunate
enough to provide an examipation distance of
10 meters a -compensation of 1 focal unit will
suffice.

Tt is the universal custom to designate the fo-
cus and position of cylindrical lenses, with ref-
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erences to the axis or non-refractive meridian of
the cylindrical lens and consequently the axis of
the cylinder must be placed at right angles to
the meridian of the eye in which the cylindrical
error exists. To correct this illogical method
and the countless errors that have resulted from
its employment, I have invented a new and im-
proved method of designating the effective focus
of cylindrical lenses. My improved method con-
sists in designating the effective focus of all
cylindrical lenses with reference to the refrac-
tive median, that is to say, on that line which
would encompass the cylinder if it were a com-
plete cylinder. According tc my improved
method the median of the cylindrical lens is
blaced in correspondence with the meridian of
the eye in which the cylindrical error exists.
This method of plaqing the median of the cylin-
drical lens in that position in which its refrac-
tive effect is required is not only most conven-
ient, but it is also more logical and scientific.
A further advantage is that when the median
of a cylindrical lens is determined by observ-
ance of the inherent property of a cylindrical
lens to produce rotary displacement of a straight
line, a sharp image of said straight line is ob-
tained on the refractive median of considerably
convex cylindrical lenses at a distance at which
the same line is very indistinet when viewed
on the axis of the same lens. In determining
the median of considerably ccncave cylindrical
lenses by the same method, a line appears of
normal width when viewed on the refractive
median of the cylindrical lens and decidedly
narrowed when viewed on the axis of the
lens. These phenomena abate the accuracy of
locating the axis of a cylindrical lens even of
minor curvature and facilitate locating of the
refractive median; consequently the median of
any cylindrical lens can be located with greater
exactitude than the axis. Obviously my im-
proved method of designating the effective focus
of cylindrical lenses with reference to the re-
fractive median, enhances the accuracy of oph-
thalmic procedure.

As an example of the practical application and
use of the diagnostic lenses of my invention the
oculist or optometrist has at instant command
a multiplicity of both concave and convex spher-
ical and cylindrical lenses, that are free from
the discrepancies and inaptitudes of the prior
art. With these diagnostic lenses it is possible
to determine errors of refraction with exacti-
tude.. Due to the method of combining and
compensating the lenses, the practitionar may
readily determine by neutralization, that the
concave lenses have been equally compensated
with the convex lenses. Due to this novel
method of combining and compensating the
lenses, any required sphero-cylinder combina-
tion may be attained and its focal planes located
with exactitude in their relation to a single des-
ignated plane of the combined lenses, and in
their relation to the eye; whereby the correc-
tive lenses may he properly compensated and
adjusted, to accurately correct the error of re-
fraction determined by the use of the diagnostic
lenses. By the uce of my improved method, the
effective focus of lenses may be conveniently
designated in a much more comprehensive and
appropriate manner- than heretofore. By my
improved method, each cylindrical lens is meas-
ured by the effective focus of its median and
the practitioner may conveniently position the
median of the cylinder coincident with the de-
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fective meridian of the eye without the incon-
venience of placing the axis at right-angles
thereto as heretofore. The combined improve-
ments of my invention provide the practitioner
with a greater aptitude than is obtainable by
other methods and enables him to render a
more efficient service to humanity.

In the invention herein disclosed, what I claim
as new and desire to secure by Letters Patent of
the United States is:

1. Apparatus for determining refractive errors
of the human eye, comprising a plurality of
plano-concave spherical lenses and a plurality of
plano-concave cylindrical lenses, each lens hav-
ing a specified dioptric value measured from the
second principal point of the lens when the con-
cave surface thereof is adjacent the eye, a plu-
rality of plano-convex spherical lenses and a
plurality of plano-convex cylindrical lenses,

means for alternately positioning each of said 2

convex lenses forwardly of each of said concave
lenses with the center of curvature of each of the
combined lenses in the direction of the eye,
means for assuring a uniform interval between
the second principal point of a selected one of
said convex lenses and the second principal point
of each of said concave lenses with which it may
be combined in the manner aforesaid, each of
said convex lenses having ifs focal length in-

creased by an amount equal to the aforesaid in- 2

terval of that particular convex lens when com-
bined as aforesaid, the dioptric value of each of
said convex lenses being specified in terms of the
dioptric distance between its focal plane and the

second prineipal point of any one of said concave ¢

lenses with which it may be combined as afore-
said, whereby when one of said convex spherical
lenses is combined in the manner aforessid with
one of said concave spherical lenses having the
same specified dioptric value the resultant will be
naught, irrespective of the difference in the
actual focal lengths thereof, and when one of
sald ccnvex cylindrical lenses is combined in the
manner aforesaid with one of said concave eylin-
drical lenses having the same specified dioptric
value the resultant will be naught when both of
said cylindrical lenses are positioned at the same
axis. .
2. Apparatus.for determining refractive errors

of the human eye, comprising a series of plano- 8

concave spherical lenses and a series of plano-
concave cylindrical lenses, a lens-cell for each
lens aforesaid, the face of said lens-cell project-
ing beyond the plano side of the lens therein and
the optical centers of all lenses in each of said
series being uniformly situated relative to said
face of the several lens-cells, each lens aforesaid
having a designated dioptric value measured
from said face of its lens-cell when the concave
side of such lens is towards the eye; and com-
prising .a series of plano-convex spherical lenses
and a series of plano-convex cylindrical lenses, a
lens-cell for each lens, the face of said lens-cell
projecting beyond the plano-side of the lens
therein and each lens having a designated di-
optric value measured from said face of its lens-
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cell when the convex side of such lens is opposite |

the eye; whereby, when any one of said convex
lenses is positioned anteriorly of any one of said
concave lenses, with their plano sides adjacent
and with the lens-cells thereof in contact, the
aforementioned faces will coincide, and the re-
fractive effect at said point of coincidence will be
equivalent to the algebraic sum of the designated
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dioptric values of said convex lens thus combined
with said concave lens.

3. Apparatus for determining refractive errors
of the humean eys, comprising a tubular sleeve

5. rotatably and concentrically mecunted in a pro-

tractor scale member, said sleeve having a longi-
tudinal slot; a plurality of separate lensss each
contained in a rim adapted to frictionally engags
within said slotted slesve, each rim aforesaid
having. a handle adapted to be engaged in the
aforementioned slot, an indicating mark on each
handle aforesaid, for indicating the position of
the axis of the cylindrical lens therein, when the
latter is positioned within said sleseve and rotated
- within the afcrementioned proiractor scale, the
axis of each of the several cylindrical lenses be-
ing held in uniform relation to said indicating
mark on the handle of their respective lens-cells.
4. Apparatus for determining rafractive errors
of the human eye, comprising a series of planoc-
concave spherical lenses and a series cof plano-
concave cylindrical lenses, a lens-cell for each
lens, .the face of said lens-cell projecting be-
yond the plano side of the lens therein and the
optical cgnters of szid lenses being unifcrmly
situated relative to said faces of the several lens~
cells, each lens having a designated dioptric value
measursd from ths plane of the front face of its
lens-cell when the concave side of such lens is
towards the eye; and comprising a series of
plano-convex spherical lenses and a series of
plano-convex cylindrical lenses, a lens-cell for
each lens, the face of said lens-cell projecting
beyond the plano sids of the lens therein and
each lens having a designated diopiric value
measured from the piane of ths back face of its
lens-cell when the convex side of such lens is
opposite the eye; a lens holding device having a
tubular slseve rotatably and concentrically
‘mounted in a protractor scale member, said
sleeve having a longitudinal slot and each of said
lens-cells having a projscting handle for engage-
- ment therein, each of szid lens-cells being
adapted to frictionally sngage within said tubular
sleeve; whereby said lenses may be interchange-
ably positioned within said sleeve and whereby
any one of said convex lsnses may he positioned
anteriorly ¢f any one of said concave lenses, in
the previously described positicns with their lens-
cells in contact; an aperture in said rolatablzs
sleeve; whereby, when said asserably is positioned
before an eye, the distance between the cornsal
apex of such eye and said contacting faces of the
lens-cells selectively positioned within said sleeve
may be measured with any suitabie gauge or rule;
each cylindrical lens being rigidly mounted in
its respective lens-cell with the cylindrical axis
thereof coincident with the diamsier indicated
by a mark on the aforeme ned  handle,
whereby said mark indicates the position of ths
axis of the respective cylindrical lens, when said
tubular sleeve is rotated within said pretracior
scale member.

5. Apparatus for determining refractive errors
of the human eye comprising a number of plano-
concave spherical lenses, plano-concave cylin-
drical lenses, plano-convex spherics] lenses and
planc-convex cylindrical lerses, & lens holding
device including means to interchangeably re-
tain each of said concave lensss in uniform posi-
tion with the curved surface invariably rearward
and with the respective vertices uniformly posi-
tioned, and including means to interchangeably
retain each of saild convex lenses in uniform
spaced relation with and anterior of each of said

d

concave lenses and with the curved surface of
each convex lens invariably forward, each of said
convex lenses having its focal length increased
by an amount equal to the inferval between said
uniform position of the respective vertices of
said concave lenses and the second principal
point of that particular convex lens, said in-
terval being individual with each convex. lens
and independent of the interval of any other

convex lens, whereby the interval of a cerfain i¢

convex lens is constant. when interchiangeably
combined with the several ajoresaid concave
lenses but different from the constant interval of
other aforesaid convex lenses, the dioptric value
of each of said concave lenses being designated in
terms of its actual focal length and the dioptric
value of each of said convex lenses being designat-
ed in terms of the dicptric distance between its
focal plane and said uniform position of the re-.
spective vertices of the concave lenses when com-
bined therewith, whereby when one of said con~
cave spherical lenses and one of said convex spher-
ical lenses having the same designated dioptric
value are positioned in szid holder in the man-

ner aforesaid, their focal planes will coincide £5

and the resultant wiil be naught, and when one
of said concave cylindrical lenses and one of said
convex cylindrical lenses having the same des-
ignated dioptric value are positioned in said
holder in the manner aforessid, their focal ©
planes will coincide and the resuliant will be
naught when said cylindrical lenses are both
positioned at the same axis.

6. Apparatus for determining refractive errors

of the human eye, comprising a number of 5&

planc-concave spherical lensss and a number of
plano-concave cylindrical lenses, a lens-cell for
each of said concave lenses, each of said lenses
being mounted in its lens-cell with their re-
spective vertices positioned at a uniform  dis-
tance from that face of the lens-cell adjacent
the plano side of the lens, a number of plano-
convex spherical lenses and a number of planc-
convex cylindrical lenses, a lens-cell for each of
said convex lenses, each of said convex lenses
being adapted to be alternately combined with
and forwardly of each of said concave lenses,
with the center of curvature of each concave
lens gnd each convex lens in the direction of
the eye and with the lens-cells in contact, each
concave lens and each convex lens having a focal
plane situated at a specified dioptric distance
from that side of the lens-cell adjacent the
plano side of the lens, whersby when one of
said convex spherical lenses is combined as
aforesaid with one of said concave spherical
lenses ‘having its focal plane situated at the
same dioptric distance the resultant will be

- naught, and when one of said convex cylindrical

lenses is combined as aforesaid with one of
said concave cylindrical lenses having its focal
plane situated at the same dioptric distance the
resultant will be naught when said cylindrical
lenses are both positionsd at the same axis.

7. Apparatus for determining refractive errors
of the human eye, including planoc-concave
spherical lenses and plano-ccncave cylindrical
lenses, means for alternately positioning each

-of said concave lenses before the eye with the

concave side thereof nearest to the eye, the T
specified dioptric value of each of sald concave
lenses being its actual focal lsngth, and includ-
ing plano-convex spherical lenses and plano-
convex cylindrical Ienses, means for alternately
positioning. a selected one of said convex lenses
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anterior of each of said concave lenses and at a
spaced interval from the vertex of the concave
lens uniform in the several instances and with
the curved surface of the convex lens opposite
the eye, the specified dioptric value of each of
said convex lenses being the dioptric distance
between its focal plane and the vertex of any
one of said concave lenses with which it may be
combined in the mannsr afcresaid, whereby
when one of said concave spherical lenses is
combined as aforesaid with one of said convex
spherical lenses having the same specified di-
optric value the resultant is naught, and when
one of said concave cylindrical lenses is com-
bined with one of said convex cylindrical lenses
having the same specified dioptric value, the re-
sultant is naught when said cylindrical lenses
are both positioned at the same axis.

8. Apparatus for determining refractive errors
of the human eye, comprising a number of an-
terior lens-cells and a number of posterior lens-
cells adapted to be alternately positioned be-
fore the eye with their respective faces invari-
ably in the same direction relative to the eye,
and each anterior lens-cell being adapted to he
alternately positioned in contact with each of
said posterior lens-cells; whereby said contacting
faces constitute s common plane when said lens-
cells are thus combined; a lens mounted in each
of said lens-cells and so located with relation to
said common plane that its focal peint will be
sibuated at the same distance from said common
plane as the focal point of a single optical sur-
face of specified digptric value having its vertex
situated at said common plane; the front face of
said posterior lens-cell being uniformly situated
relative to the second principal point of the re-
spective lenses therein; whereby, the resultant
of two lenses combined in the aforesaid manner
is equal to the algebraic sum of their specified
dioptric values in terms of a single optical surface
having its vertex situated at said commeon plans.

9. Apparatus for determining refractive errors
of the human eye, comprising a number. of cell
contained lenses having their respective second

rincipal points situsted in a uniformly dis-
posed plane common ito the several lens-cells
thereof, and comprising a number of cell con-
tained lenses each adapted to be alternately po-
sitioned forwardly of each of the aforesaid lens-
cells and with the same respective faces of the
latter lens-cells in contact with the same respec-
tive faces of the former lens-cells; whereby, the
relative situation of any onc of the latter lenses
will be constant when alternately combined as
aforesaid with each of the former lenses; each
of the former and latter lenses having a foeal
length equivalent to a single optical surface of
specified dioptric value having its vertex situ-~
ated at the aforesaid common plane.

10. Apparatus for determining refractive er-
rors of the human eye, comprizing a number of
anterior lens-cells and a numbsr of posterior
lens-cells, adapted to be positioned before the
eye with the same side forward in each instance;
and each of said anterior lens-cells being adapt-
ed to be alternately combined with each of said
posterior lens-cells with the back face of said
anterior lens-cell in contact with the front face
of said posterior lems-cell, a series of plano-con-
cave spherical lenses and a series of plano-con-
cave cylindrical lenses individually mounted in
said posterior lens-cells with the center of curv-
ature of each of said lenses situated rearwardly
of its respective lens-cell; whereby, the second
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principal point, the optical center and the ver-
tex of any one of said concave lenses will in fact
coincide; and said ceoinciding points of each of
said lenses respectively, being situated at a uni-
form distance from the front face of said pos- 5
terior lens-cells respectively, thereby constitut-
ing a common plane relative to said posterior
lens-cells and the lenses therein: a series of
plano-convex spherical lenses and a series of
planc-convex cylindrical lenses individually 10
mounted in said anterior lens-cells with the
center of curvature of each of said lenses situ-
ated rearwardly of its respective lens-cell; each
of said convex lenses having its focal length in-
creased by an amount equal to the interval be- 15
tween the second principal point thereof and
the common plane of the aforesaid concave
lenses when that anterior lens-cell is in contact
with any one of the aforesaid posterior lens-cells
in the aforementicned relative positions. 20

11. Apparatus for determining refractive er-
rors of the human eye, comprising a series of
planc-concave spherical lenses and a series of
rlano-concave cylindrical lenses; means for al-
ternately positioning each of said lenses before 25
the eye, with the center of curvature thereof in
the direction of the eye, each of said lenses being
mounted in a lens-cell with the optical center
thereof at a uniform distance from the front
face of the lens-cell in the several instances and 30
each of said lenses having its focal length altered
by an amount equal to the interval between the
optical center thereof and the front face of its
ens-cell, to produce the equivalent of a specified
dioptric value of a single optical surface having 35
the vertex thereof situated at the front face of
said lens-cell; and comprising a series of plano-
convex spherical lenses and a series of plano-
convex cylindrical lenses, means for alternately
positioning each of said lenses before the eye, 40
with the center of curvature thereof in the di-
rection of the eye, each of said lenses being
meunted in a lens-cell and each of said lenses
having a focal length exceeding a specified diop-
tric value by an amount equal to the interval 4;.
between the second principal point thereof and
the rear face of its iens-cell, to produce the
equivalent of a specified dioptric value of a
single optical surface having the vertex thereof
situated at the rear face of that lens-cell; means 3y
for alternately positioning each of said convex
lenses forwardly of each of said concave lenses
with the center of curvature of each lens in-
variably in the direction of the eye as afore-
said and with the rear face of the forwardly ;3
situated lens-cell in contact with the front face
of the rearwardly situated lens-cell; whereby,
when such lenses are thus combined, the re-
sultant is equivalent to a single optical surface
having its vertex situated at the plane of contact ¢
and having a diopiric value equivalent to the
algebraic sum of the specified dioptric values
of the lenses thus combined.

12. Apparatus for determining refractive er-
rors of the human eye, comprising a plurality ¢3
of plano-concave spherical lenses, plano-concave
cylindrical lenses, plano-convex spherical lenses
and plano-convex cylindrical lenses; individual
lens-cells for each of said lenses; the vertex of
said concave lenses being uniformly disposed in 70
the several lens-cells; said lens-cells being
adapted to be interchangeably positioned before
the eye, with the lens-cells in contact and with
the concave lens invariably posterior and the
convex lens invariably anterior and with the 75
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center of curvature of each lens in the direction
of the eye; whereby, the plane of contact of the
combined lens-cells constitutes a uniform com-
mon plane when a cencave lens is combined with
a convex lens in the manner aforesaid; each of
said lenses having that radius of curvature re-
quired to produce the equivalent of a specified
dioptric value of a single optical surface having
its vertex situated at said common plane and its
focal point situated at the focal point of the rep-
resentative lens; whereby, when one of said
spherical lenses is combined with one of said
cylindrical lenses in the manner aforesaid, the
resultant is equivalent to a compound optical
surface having its vertex situated at said com-
mon plane and having a dioptric value equiva-
lent to the algebraic sum of the specified diop-
tric values of said representative lenses thus
combined.

13. Apparatus for determining refractive er-
rors of the human eye, comprising a series of
concave spherical lenses and a series of concave
cylindrical lenses individually mounted in sepa-
rate lens-cells, said lens-cells being adapted fo
be positioned before the eye with the same side
invariably forward and the interval between
said forward side of the lens-cell and the second
principal point of the lens therein being uni-
form throughout both of the aforesaid series of
lenses; a series of convex spherical lenses and &
series of convex cylindrical lenses individually
mounted in separate lens-cells, each of the lat-
ter lens-cells being adapted to be positioned be-
fore the eye with the same side invariably
rearward and alternately in contact with the
forward side of each of the aforementioned
lens-cells, and the focal length of each of said
convex spherical lenses and each of said convex
cylindrical lenses being increased by an amount
equal to the interval between the second prinei-
pal point thereof and the aforesaid uniformly
situated second principal point of all of said
concave lenses, when said lens-cells are in con-
tact as aforesaid.

14. Apparatus for determining refractive er-
rors of the human eye, comprising a number of
plano-concave spherical lenses and a number of
plano-concave cylindrical lenses, a lens-cell for
each of said concave lenses, each of said lenses
being mounted in its lens-cell with their respec-
tive vertices positioned at a uniform distance
from that face of the lens-cell adjacent the
plano side of the lens, a number of plano-con-
vex spherical lenses and a number of plano-
convex cylindrical lenses, a lens-cell for each of
said convex lenses, each of said convex lenses
being adapted to be alternately combined with
and forwardly of each of said concave lenses
with the center of curvature of each concave

9

lens and each convex lens in the direction of
the eye and with the lens-cells in contact, each
of said convex lenses having a focal plane situ-
ated at a specified dioptric distance from the
uniformly positioned vertices of the several con-
cave lenses when combined therewith in the
manner aforesaid, whereby when one of said
convex spherical lenses is combined as afore-
said with one of said concave spherical lenses
having its focal plane situated at the same diop-
tric distance the resultant with be naught, and
when one of said convex cylindrical lenses is
combined as aforesaid with one of said concave
cylindrical lenses having its focal plane situ-
ated at the same dioptric distance the resultant
will be naught when said cylindrical lenses are
both positioned at the same axis.

15. Apparatus for determining refractive er-
rors of the human eye, comprising a number of
concave spherical lenses, concave cylindrical
lenses, convex spherical lenses and convex
cylindrical lenses, means for alternately posi-
tioning each of said concave lenses before the
eye with the same side invariably towards the
eye, means for alternately positioning a se-
lected one of said convex lenses anterior of each
of said concave lenses with the same side of the
convex lens invariably outward, means for as-
suring a uniform interval between the second
principal point of a selected one of said con-
vex lenses and the second principal point of
each of said concave lenses with which it may
be combined in the manner aforesaid, each of
said convex lenses having its focal length. in-

creased by an amount equal to the aforesaid &

interval of that particular convex lens when
combined as aforesaid, the dioptric value of
each of said concave lenses being specified in
terms of the dioptric distance between its focal
plane and the second principal point thereof,
the dioptric value of each of said convex lenses
being specified in terms of the dioptric distance
between its focal plan and the second principal
point of any one of said concave lenses with
which it may be combined as aforesaid, whereby
when one of said convex spherical lenses is
combined in the manner aforesaid with one of
said concave spherical lenses having the same
specified dioptric value the resultant will be
naught, irrespective of the difference in the
actual focal lengths thereof, and when one of
said convex cylindrical lenses is combined in the
manner aforesaid with one of said concave
cylindrical lenses having the same specified diop-
tric value the resultant will be naught when
both of said cylindrical lenses are positioned at
the same axis.
' ORVAL W. LEE.
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CERTIFICATE OF CORRECTION.

Patent No. 2,024,376. December 17, 1935,

ORVAL W. LEE.

It is hereby certified that error appears in the above numbered patent re-
quiring correction as follows: In the heading to the drawing and specifica-
tion, title of invention, for "Diagnostic Lens" read Diagnostic Lenses; page
2, second column, line 42, after "plano-convex" insert is; page 5, second
column, line 14, for "lense" read lens; page 6, first column, line 55, for
"practitionar" read practitioner; page 9, second column, line 11, claim 14,
for "with" read will; and that the said Letters Patent should be read with

these corrections therein that the same may conform to the record of the
case in the Patent Office.

Signed and sealed this 3lst day of March, A. D, 1936.

Leslie Frazer
(Seal)

Acting Commissioner of Patents.



